We have studied cellular and vascular changes in different stages of full thickness tears of the rotator cuff. We examined biopsies from the supraspinatus tendon in 40 patients with chronic rotator cuff tears who were undergoing surgery and compared them with biopsies from four uninjured subscapularis tendons. Morphological and immunocytochemical methods using monoclonal antibodies directed against leucocytes, macrophages, mast cells, proliferative and vascular markers were used.
We have studied cellular and vascular changes in different stages of full thickness tears of the rotator cuff. We examined biopsies from the supraspinatus tendon in 40 patients with chronic rotator cuff tears who were undergoing surgery and compared them with biopsies from four uninjured subscapularis tendons. Morphological and immunocytochemical methods using monoclonal antibodies directed against leucocytes, macrophages, mast cells, proliferative and vascular markers were used.
Histological changes indicative of repair and inflammation were most evident in small sized rotator cuff tears with increased fibroblast cellularity and intimal hyperplasia, together with increased expression of leucocyte and vascular markers. These reparative and inflammatory changes diminished as the size of the rotator cuff tear increased. Marked oedema and degeneration was seen in large and massive tears, which more often showed chondroid metaplasia and amyloid deposition. There was no association between the age of the patient and the duration of symptoms. In contrast, large and massive tears showed no increase in the number of inflammatory cells and blood vessels.
Small sized rotator cuff tears retained the greatest potential to heal, showing increased fibroblast cellularity, blood vessel proliferation and the presence of a significant inflammatory component. Tissue from large and massive tears is of such a degenerative nature that it may be a significant cause of re-rupture after surgical repair and could make healing improbable in this group.
Full thickness tears of the rotator cuff are among the most frequently encountered causes of pain and dysfunction in the shoulder. 1 Since shoulder complaints are the third most frequent cause (after knee and spine) of musculoskeletal symptoms in the community, rotator cuff disease represents a significant health economic issue. 2 Cadaver studies in the elderly estimate the prevalence of full thickness tears to be from 5% to 30%. 3, 4 MRI and ultrasound studies have demonstrated that the prevalence of asymptomatic full thickness tears is from 15% to 23% 5, 6 overall, 4% to 13% in subjects under the age of 59 years and 28% to 51% in subjects between 60 and 80 years of age.
The pathogenesis of rotator cuff tears remains unclear, but is considered to be a combination of extrinsic impingement from structures surrounding the cuff and intrinsic degeneration from changes within the tendon itself.
Recent pathological and genetic studies have emphasised the importance of intrinsic factors, [7] [8] [9] [10] [11] but little information regarding the process of tendon degeneration is available. Kannus and Jozsa 12 demonstrated characteristic histopathological changes in tendons that rupture spontaneously. Degenerative changes were evident in 865 of 891 cases (97%) and included features of hypoxic degenerative tendinopathy, mucoid degeneration, tendolipomatosis and calcifying tendinopathy, either individually or in combination. They concluded that hypoperfusion is a central aspect of tendon failure. Nirschl 13 also described changes in the rotator cuff tendon, such as disorganisation and fragmentation of collagen architecture and infiltration of fibroblasts and vascular tissue. Hashimoto et al 9 described different patterns of degenerative change in partial and full thickness rotator cuff tears. However, they observed no correlation between the pattern of degenerative change and the size or extent of the rotator cuff tear.
Despite studies which demonstrate a critical, avascular zone within the rotator cuff, 1 cm proximal to its insertion, [14] [15] [16] it remains unclear whether this hypoperfusion contributes to degeneration and ultimately to tendon failure. Goodmurphy et al 17 demonstrated that the vascularity of the edge of a rotator cuff ten-don tear was less than in tissue 2.5 to 5.0 mm from the edge.
This finding was contradicted by Fukuda, Hamada and Yamanaka 18 who noted in partial thickness tears, that the critical zone of the tendon demonstrated relative hyperperfusion when compared with the proximal stump. Laser Doppler flowmetry studies have shown blood flow throughout the rotator cuff tendon and have demonstrated a hyperaemic response at the edge of the tear. 19 The absence of clear pathological evidence as to the capability of the torn tendon to heal is reflected in variations in surgical practice. Some authors recommend excising the edge of the tear before repair while others disagree. 10, [20] [21] [22] It has been demonstrated that tissue less than 2.5 cm from the edge of the tear appears to be histologically viable in terms of microvasculature. 17 These findings are supported by laser Doppler flowmetry studies. 19 Additionally, the regenerative component of the tissue at the edge of the tear appears to be active with increased cellular synthesis of type-I procollagen 17, 23 and type-III collagen. 24 Yuan et al 25 suggested that a ruptured supraspinatus tendon, when compared with a control tendon, had reduced ability to heal, because of an increased degree of apoptosis and reduced production of type-I collagen. None of these previous reports investigated cell type and density relative to the size of the tear, or distance from the edge of the tear. As such, uncertainty has prevailed regarding the viability and potential for healing of rotator cuff tears which have undergone surgical repair.
We have used histochemical and immunocytochemical techniques to describe patterns of cell and tissue changes associated with inflammation and repair, in relation to the stage of the disease process and compared it with healthy rotator cuff tendon tissue.
Patients and Methods
The study group consisted of 40 specimens from 40 patients, 17 women and 23 men with a mean age of 61.8 years (39 to 86). All patients had a history of chronic rotator cuff disease with a mean duration of symptoms of 34.3 months (6 to 174) and all had failed to respond to conservative treatment. The mean number of pre-operative cortisone injections was 1.8 (0 to 11) (Table I ).
In the control group, four specimens were provided by four male patients, with a mean age of 20 years (17 to 24), who had a history of recurrent dislocation of the shoulder. None of these patients had a history or evidence of rotator cuff disease. Tissue collection and preparation. Rotator cuff tendon tissue for the patient group was obtained during open surgery for rotator cuff repair and during arthroscopic subacromial decompression. Specimens were taken from within 1.5 cm of the edge of the tear and throughout its whole depth and were placed immediately into formalin, before embedding in paraffin blocks. The size of the tear was recorded at the time of tissue harvest and was classified according to Post, Silver and Singh. 26 The subscapularis controls were harvested during anterior stabilisation of the shoulder.
Sections were cut at 5 µ m using a Leica-LM microtome (Leica Microsystems, Wetzlar, Germany) and placed onto Snowcoat X-tra glass slides (Surgipath, Peterborough, United Kingdom). The paraffin was removed from the tissue sections with xylene, rehydrated in graded alcohol and selected for histochemical or immunocytochemical staining techniques (Table II) . Histological techniques. Sections were stained with haematoxylin and eosin, congo red and toluidine blue. The presence or absence of oedema and degeneration was recorded, together with the degree of fibroblast cellularity, amyloid Lymphatic endothelium * PCNA, proliferation cell nuclear antigen deposition, chondroid metaplasia and the number of mast cells. Thickening was considered to be present when specimens demonstrated a synovial lining which was more than three cells thick. For the immunocytochemical techniques, sections were stained with primary monoclonal antibodies directed against proliferation cell nuclear antigen, CD34 (QBEnd 10 vascular endothelial marker), CD45 (leucocyte common antigen), CD68 (macrophage-associated marker), D2-40 (lymphatic endothelial marker) and mast cell tryptase. Positive and negative control specimens were included, in addition to the surgical specimens for each individual antibody staining technique.
Antibody concentrates were diluted using Dako antibody diluent, according to recommendations from the source laboratory and Chemate EnVision kit (Dako UK Ltd., Ely, United Kingdom). This employs an indirect immunoperoxidase technique to visualise the antibodies. Sections were then counterstained in haematoxylin and 'blued' in sodium hydrogen carbonate. All sections were then dehydrated through graded alcohol and xylene, coverslipped using DPX mounting agent and examined under light microscopy at 100, 200 and 400 times magnification, using an Olympus LN-40 microscope (Olympus UK Ltd., Southall, United Kingdom).
In addition to the morphological observations, leucocyte, macrophage, mast cell and blood vessel numbers were counted in ten random high-powered (x400 magnification) fields of view in each specimen.
The blood vessel counts for the different sized rotator cuff tears were compared using the Kruskall-Wallis test with p ≤ 0.5 considered as significant.
Results
Changes in the synovial intima, subintima and capsule. All specimens in the study group showed oedema within the extracellular matrix and degenerative changes with fragmentation and disorientation of collagen fibrils (Fig. 1) . In 11 of the 40 (28%) specimens the synovial lining was more than three cells in thickness (Fig. 2a) with the remaining specimens being of normal thickness (Fig. 2b) . Thickening of the synovial lining was noted in four of the 13 (31%) medium sized tears and four of the eight (50%) small tears. None of the massive tears and three of the 15 Fig. 1 Photomicrograph of the edge of a rotator cuff tendon, taken from a large tear, showing degenerative changes and oedema (haematoxylin and eosin; x200). (20%) large tears, had a thickened lining. There was no difference in the mean duration of symptoms in those patients with a thickened or normal synovial lining and none of the control specimens showed a thickening of the synovial lining.
In the subintima, 20 of the 40 (50%) specimens showed reduced fibroblast cellularity, 14 (35%) had normal cellularity and six (15%) had increased cellularity, in relation to the control specimens. All specimens which showed increased cellularity also showed positive staining for proliferation cell nuclear analysis in proliferating cells (Fig. 3) . As the tear size increased there was a trend towards decreasing fibroblast cellularity and an absence of proliferation cell nuclear analysis expression (Table III) . The extracellular matrix. Fibrocartilaginous metaplasia was identified morphologically and by toluidine blue staining in 29 of the 40 (73%) specimens. Chondroid metaplasia was observed mainly in areas of low cellularity. Specimens from medium, large and massive tears (Fig. 4) had significantly more evidence of chondroid metaplasia than those from small tears. There was no discernible difference in the degree of vascularity in those specimens, with or without evidence of chondroid metaplasia. There was also no significant difference in the mean duration of symptoms of those patients with histological evidence of chondroid metaplasia and those without. None of the control specimens showed evidence of chondroid metaplasia.
Of the 40 specimens 14 (35%) had positive staining for amyloid, which was more commonly seen in cases with large and massive tears. The mean age of the patient and the duration of symptoms was not related to the presence or extent of amyloid deposition, which was seen over a wide age range (39 to 77 years). None of the control specimens showed evidence of amyloid deposition. Photomicrograph of rotator cuff tendon, taken from a small tear, showing positive staining (dark brown) for proliferating fibroblasts (proliferation cell nuclear antigen; x100). Photomicrograph of rotator cuff tendon, from a massive tear, showing widespread chondroid metaplasia (toluidine blue; x200).
Vascular changes. CD34-positive vessels were abundant in specimens showing increased fibroblast cellularity. In three specimens with reduced fibroblast cellularity and a high degree of degenerative change in the matrix, considerably fewer CD34-positive vessels were present. As the tear size increased, there was a trend towards decreasing vascularity. The mean vessel count was 32.2 for small tears, 18.4 for medium, 6.1 for large, 0.5 for massive and 4.5 for control specimens. There was a significant difference between all the groups (p = 0.008) when the Kruskal-Wallis rank test was applied to these data (Table III) . Lymphatic vascular channels were demonstrated in small-and medium-sized tears only and these were most often found in areas of high fibroblast cellularity (Fig. 5) . No lymphatic vessels were seen in control specimens. Inflammatory cell changes. The majority of leucocytes were scattered throughout the subintimal layer and the largest number were seen in those specimens showing reparative changes with increased fibroblast cellularity. There were fewer leucocytes present in those specimens which contained mature fibrous tissue with low fibroblast cellularity. Most of the macrophages were found in the subintimal layers although some were also present in the synovial lining in those specimens which had a thickened synovium. Macrophages were numerous in specimens showing increased fibroblast cellularity and the extent of the macrophage infiltrate was generally less in those with less fibroblast cellularity.
Mast cells were found in 19 of 38 (50%) specimens stained with toluidine blue. The majority were isolated cells, located around blood vessels, with the remainder in the synovial lining and scattered throughout the tissue. Most mast cells were seen in specimens with increased fibroblast cellularity and were seen to decrease in number as the fibroblast cellularity of the specimen decreased.
Small numbers of mast cells and positively staining cells for leucocyte common antigen and CD68 were noted in the control specimens. These cells were mainly located around blood vessels. As the size of the rotator cuff tear increased, the numbers of mast cells, and CD68 and CD45 positively staining cells, decreased (Table III) . The numbers of CD68-positive cells and mast cells did not continue to decrease from large to massive tears, whereas the number of CD45 positively staining cells did decrease (Table III) . The number of mast cells, CD68 and CD45 positively staining cells was similar to those seen in the larger tears.
Discussion
Reparative response. The normal healing processes of connective tissues rely on the proliferation of new blood vessels and fibroblasts to form granulation tissue. The fibroblasts migrate into the wound and undergo a period of intense mitotic activity. The role of these fibroblasts is chiefly to secrete extracellular matrix proteins, in particular type-I and type-III collagen and glycosaminoglycans. 27 Newlyproduced granulation tissue slowly develops into mature scar tissue as the wound heals.
We have found that the fibroblast population decreases as the size of the tear in the rotator cuff increases. The Photomicrograph of the edge of a rotator cuff tendon, taken from medium-sized tear a) showing positive staining for vascular endothelium (CD34 QBend 10 vascular endothelial marker; x200), b) showing positive staining for lymphatic endothelium only (D2-40; x200). The same lymphatic vessel, indicated by the arrow, is seen to stain positively for both antibodies, with blood vessels only staining for CD34. larger fibroblast population seen in the smaller tears is also actively proliferating and is part of an active reparative process. In contrast, fewer fibroblasts are present in the larger sized tears, with no evidence of cell proliferation and there is evidence of a diminished reparative response to healing.
It was also observed that some of the smaller tears had a thickened synovial lining which was not noted in the larger tears. The presence of a thickened and inflamed synovial lining indicates an attempt at repair and is regularly seen in conditions such as osteoarthritis and rheumatoid arthritis. There was a significant decrease in blood vessel number as tear size increased, with the smallest number being seen in massive tears. These findings indicate a significantly greater reparative process present in smaller tears when compared with larger tears. Inflammatory response. The mean duration of symptoms in this study was 34.3 months (6 to 174), it is therefore not surprising that the specimens examined mainly showed changes of chronic inflammation and repair. The processes of resolution, regeneration and repair are sequential in acute inflammation, but occur simultaneously in chronic inflammation. 27 Chronic inflammation is typified by the presence of phagocytic cells such as macrophages and organisation as evidenced by new vessel formation, fibroblasts and collagen deposition, together with other inflammatory cells such as lymphocytes and mast cells. We found evidence of this chronic inflammatory state to the greatest degree in the smaller tears within the rotator cuff tendon.
Macrophages were seen to decrease significantly in number from small to medium tears and from medium to large and massive tears. This trend was also noted for mast cells and leucocyte numbers. Interestingly, the numbers of mast cells and macrophages appeared to reach a baseline number, as no further decrease was noted when comparing large with massive tears. It is reasonable to consider that this number of inflammatory cells may represent a 'normal' number in such tissue, as similar numbers of these cells were seen in control specimens. In addition to the decrease in the macrophage, mast cell and leucocyte cell counts as the tear size increased, there were also significant decreases in the number of fibroblasts and blood vessels.
These observations indicate that the inflammatory process diminishes as the tear size increases and the potential for the tendon tear to heal by means of resolution, regeneration and repair diminishes as the tear size increases.
Previous histological studies in rotator cuff tendons, as well as in other tendons, have indicated that there is no significant evidence of an inflammatory component following tendon rupture. However, Cetti, Junge and Vyberg 28 found histological evidence of inflammation in Achilles tendons using immunocytochemical methods. Our study used similar methods to identify inflammatory cells. It may be that in earlier studies of both ruptured rotator cuff and Achilles tendon specimens, inflammatory cells were present but had simply not been identified.
Intrinsic changes within the tendon. Increased numbers of chondrocytes have been observed in the proximal stump of bursal-side, partial thickness rotator cuff tears, in areas of relative avascularity and diminished numbers of fibroblasts. 18 Other tendinopathies have been shown to demonstrate swelling and rounding of tenocytes, thought to be evidence of early chondroid metaplasia. 29 We noted that chondroid metaplasia was evident in areas of low fibroblast cellularity and that these specimens were from the larger tears. Additionally, we found no association between the presence of chondroid metaplasia and either chronicity of the symptoms or the age of the patient.
Amyloid deposition also appeared to be more prevalent in the larger sized tears and again was not associated with the chronicity of the symptoms, or the age of the patient. Confounding factors. The prevalence and extent of full thickness rotator cuff tears is known to increase with age. [3] [4] [5] [6] We have shown significant cellular changes as tear size increases. These changes appear to be independent of the age of the patient. However, the mean age of the patients with massive tears was significantly greater and this may have contributed to the increased degree of degenerative change seen. These findings suggest that there are other factors in addition to age causing tendon degeneration. This supports evidence from Harvie et al 7 that rotator cuff tears have a significant genetic component in their aetiology.
There were significant differences seen in the mean duration of symptoms for small, medium and large tears, but this was not the case when comparing large and massive tears. The longer duration of symptoms in larger tears could account for the increased degree of degeneration.
There is some clinical and histological evidence to suggest that more than three or four subacromial steroid injections have a damaging effect on the rotator cuff tendon. 30, 31 The largest number of injections in this study was given to the medium-sized tear group. We found no evidence to suggest that the larger tears had received a greater number of injections; some large tears had received none. Implications for surgical practice. Our study shows that the tissue with the greatest potential for successful healing is found in the smaller tears. This tissue has both the cellular and vascular components required for successful healing, in contrast with large and massive tears which appear to have lost their ability to heal and demonstrate a transition into a highly degenerate, inert tissue. These histopathological findings may help to explain the high rate of re-rupture seen in clinical and radiological studies. [32] [33] [34] [35] [36] [37] The expectation of a long-lasting repair in larger tears may be misplaced. However, re-attachment of the tendon edge to the greater tuberosity may permit vascular ingrowth and increase, to some extent, the potential for healing. Techniques of tendon repair which maximise contact with bone and promote vascular ingrowth have a clear theoretical advantage. Symptomatic smaller tears which may over time extend to larger tears, should probably be repaired as early as possible, while they still have the ability to heal.
The use of subacromial cortisone injections to reduce pain remains the mainstay for non-operative treatment. While some evidence suggests a limit of three to four injections before a detrimental effect occurs, 30 ,31,34 we did not find any association between the number of cortisone injections given and the size of the tear. This may support the continued use of cortisone injections in the non-operative management of patients with full thickness rotator cuff tears and help avoid surgery. It is accepted that glucocorticoid suppresses inflammation by reducing macrophage activity and reducing angiogenesis, both of which are integral to the inflammatory process. 38 We know from this study that the smaller full thickness tears show the greatest potential to heal. Therefore we question whether the use of subacromial cortisone injections in patients with small full thickness tears may reduce their ability to heal and subsequently drive the tissue into a more degenerative, inert state. Uncertainty also surrounds the role of external mechanical forces (impingement) in the onset and progression of the degenerative change shown in this study. These latter two considerations require further study.
Full thickness rotator cuff tendon tears demonstrate evidence of degeneration and oedema which becomes more pronounced as the tear size increases. There is also a significant inflammatory component in smaller tears when compared with larger ones and therefore, these smaller tears show a greater potential to heal.
Our findings have ramifications for patient selection for an anticipated successful surgical repair of the rotator cuff and raise questions about the use of cortisone injections and subacromial decompression.
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